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ABSTRACT 

In  this  work ,  low  cost  Ultrasonic  vapour  pyrolysis  technique  was  used  to  obtain  boron  doped  Cadmium  sulfide  (CdS)  thin 
films.  The  structure  and  morphology  of  obtained  thin  films  were  characterized  by  X-ray  diffraction  (XRD),  scanning 
electron  micrograph  (SEM),  energy  dispersion  analysis  of  X-rays  (ED AX)  and  conductivity  was  measured  by  ohm  meter  in 
presence  of  sun  light.The  optical  properties  of  the  samples  were  studied  using  UV-Visible  spectroscopy.  Boron  doped 
cadmium  sulphide  thin  films  showed  decreased  resistivity.  It  was  concluded  that  ultrasonic  vapour  pyrolysis  gives  boron 
doped  CdS  thin  film  of  very  high  quality  for  solar  cell  window  layer. 
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1.  INTRODUCTION 

The  cadmium  sulfide  (CdS)  is  a  unique  n-type  semiconductor  having  direct  band  gap  of  2.42  eV  with  many  excellent 
physical  and  chemical  properties.  It  has  many  promising  applications  in  many  fields  including  photochemical 
catalysis,  gas  sensor,  detectors  for  laser  and  infrared,  solar  cells,  various  luminescence  devices,  optoelectronic  devices 
and  so  on  (Lekha  Verma  et  al. ).  It  is  used  as  window  layer  materials  in  solar  cells. 

There  are  many  methods  used  by  various  researchers  to  develop  CdS  thin  films  (Lee  et  al.  2003),  some  are, 
spray  pyrolysis  (Meshram  et  al.  2012),  electrode  position  (Sasikala  et  al.  1997),  chemical  bath  method  (Reddy  et  al. 
2013,  Wug-Dong  Park  et  al.  2012),  vacuum  deposition  (Zanje  et  al.  2015)  and  many  more.  In  most  of  the  solution 
based  methods,  complexing  agents  were  used  to  control  the  precipitation  of  cadmium  sulphide.  Some  of  the 
complexing  agents  are  ammonia,  ethanol  amine,  diethanolamine,  triethanolamine,  EDTA,  citric  acid,  tartaric  acid. 

Ultrasonic  vapour  pyrolysis  is  a  simple  technique  that  enables  the  growth  of  high  quality  thin  film.  In  our 
present  work,  an  attempt  was  made  to  deposit  the  boron  doped  cadmium  sulphide  thin  films  using  low  cost  commonly 
used  ultrasonic  vapourizer.  Boron  doping  has  shown  higher  electron  mobility  (Hagiwara  et  al.  2001). 

2.  MATERIALS  AND  METHODS 

2.1.  Experimental  Setup 

Automated  ultrasonic  vapour  pyrolysis  system  was  setup  as  shown  in  figure  1.  It  consists  of  ultrasonic  vapourizer, 
vapour  delivery  system,  framework  to  move  in  XY  direction,  temperature  controlled  heating  platform.  Ultrasonic 
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vapour  generator  was  made  out  of  peizo  electric  crystal  of  1.6  MHz.  Peizo  electric  crystal  and  supporting  electronic  kit 
were  purchased  from  the  market.  Ultrasonic  vapour  generator  converts  solution  into  fine  mist.  These  fine  mist  particles  are 
carried  by  air.  PVC  pipe  does  not  react  with  the  vapors  at  room  temperature.  Filtered  compressed  air  was  made  available 
using  portable  air  compressor. 


Figure  1:  Ultrasonic  1.7  MHz  Vapour  Generator  System  for  Thin  Film  Development.  (1)  Mist 
Delivery  Arm  Controller,  (2)  Mist  Delivery  Tube  Holder,  (3)  Mist  Delivery  Glass  Pipe,  (4)  Heater,  (5) 
Temperature  Measuring  System  and  Controller,  (6)  PVC  Pipe  System  to  Carry  Mist  (7)  Solution 
Holder,  (8)  Ultra  Sonic  Vapourizer,  (9)  Air  Pump,  (10)  Air  Pump  Stand. 

2.2  Preparation  of  Solution 

Stock  solutions  of  0.1M  of  Cadmium  chloride  in  0.1M  ethylene  diamine  and  0.1M  boric  acid  (H3B04)  was 
prepared  in  two  separate  volumetric  flasks  of  100  ml  using  double  distilled  water  and  working  solution  was  prepared  by 
mixing  9.0ml  volume  of  cadmium  chloride  solution  with  1.0  ml  volume  of  boric  acid  solution  for  10  %  boron  doped 
cadmium  sulphide  thin  film.  It  was  further  diluted  to  50  ml  by  double  distilled  water.  Diluted  solution  was  loaded  into  low 
cost  ultrasonic  vapour  generator. 

2.3  Thin  Film  Generation 

The  generated  vapours  were  deposited  at  425 °C  on  a  grease  free  cleaned  neutral  glass  slide.  For  other  dilutions, 
solutions  were  prepared  as  given  in  table  1 . 


Table  1 


Boron  % 

CdCl2Solution 

Boric  Acid  Solution 

0 

10.0 

0.0 

1.5 

9.85 

0.15 

2.5 

9.75 

0.25 

7.5 

9.25 

0.75 

10.0 

9.00 

1.00 

12.5 

8.75 

1.25 
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3.  RESULTS  AND  DISCUSSIONS 

Boron  doped  CdS  films  was  deposited  on  neutral  glass  substrate  whose  XRD  pattern  is  shown  in  figure  2.  Comparison  of 
XRD  pattern  of  CdS  and  boron  doped  CdS  films  with  the  standard  from  PDF-2,  database  1990  JCPDS -International  center 
for  diffraction  data,  80-0006  and  77-2307  confirm  that  the  thin  film  was  of  CdS.  In  table  2,  each  film  exhibited  one 
prominent  peak  related  to  (0  0  2)  and  other  smaller  peaks. 


■  096( a ) 

■  1.5%  (  b  ) 

■  2.596(c) 

■  7.596(d) 

■  1096  (  e  ) 

■  12.596  (  f  ) 


Figure  2:  XRD  of  CdS  and  Boron  Doped  CdS. 


Table  2:  XRD  of  CdS  and  Boron  Doped  CdS 

XRD  of 

(10  0) 

(0  0  2) 

(101) 

(110) 

(10  3) 

(112) 

Band  Gap(Cal) 

CdS(Std) 

24.91 

26.66 

28.33 

43.91 

48.12 

52.11 

CdS 

24.97 

26.66 

28.35 

43.86 

47.94 

52.01 

2.420 

1.5%  B 

26.66 

28.35 

47.94 

51.92 

2.430 

2.5%  B 

26.86 

28.48 

43.28 

48.01 

2.435 

7.5%  B 

26.86 

28.55 

48.01 

52.1 

2.435 

10.0%  B 

26.86 

28.45 

48.04 

2.445 

12.5%  B 

26.86 

28.35 

52.01 

2.445 

CdS  films  exist  in  two  crystalline  forms,  the  hexagonal  phase  and  the  cubic  phase.  The  preferred  orientation  of 
(0  0  2)  in  boron  doped  CdS  films  may  be  due  to  the  controlled  nucleation  process  at  425  °C.  However,  there  was  a  shift  in 
20  value  of  7.5%,  10.0%,  12.5%  boron  doping  in  CdS  films,  this  may  be  attributed  to  the  doping  of  boron.  XRD  analysis 
proved  that  there  was  no  change  in  crystal  orientation  due  to  boron  doping  and  ultrasonic  vaporizing  system. 
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Figure  3:  SEM  Micrograph  of  10%  Boron  Doped  CdS  Thin  Film. 


Figure  3  shows  the  SEM  micrographs  of  10.0%  boron  doped  CdS  films.  SEM  micrograph  shows  dense  layer 
small  crystals  of  the  size  70  nm  and  few  large  ones  are  of  approximately  250  nm  in  size  are  embedded  on  the  surface. 


Figure  4:  Optical  Spectrum  Wavelength  (nm  Versus  Transmittance  %)  and  (ahv)2 
versus  eV  (hv)  Optical  Band  Gap  Obtained. 


Optical  spectral  transmittance  of  boron  doped  CdS  showed  almost  similar  results  as  that  of  plain  CdS  thin  film. 
Deviation  observed  was  not  significant  when  compared  the  values  of  optical  band  gap  energy  as  shown  in  table  2  and 
figure  4. 
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Boron  doping  into  CdS  films  has  been  shown  to  have  decreasing  effect  on  the  resistivity  as  shown  in  the  graph  of 
figure  5.  Ten  percent  boron  doping  had  shown  lowest  resistivity  when  measured  in  presence  of  sunlight.  In  this  process  of 
formation  of  thin  film,  resistivity  remains  low.  Band  gap  calculation  showed  that  there  was  no  much  variation.  Low 
resistivity  was  reported  by  Lee  et  al.  (2003).  Thus  ultrasonic  vapour  generated  vapour  pyrolysis  proved  to  be  a  better 
method  to  obtained  very  good  quality  film  for  solar  cell  window  layer.  Higher  solar  efficiency  was  reported  by  Hagiwara  et 
al.  (2001)  due  to  boron  doping. 

4.  CONCLUSIONS 

Low  resistivity  due  to  boron  doping  in  the  CdS  thin  film  will  help  in  improving  the  solar  cell  efficiency. 
Morphological  and  XRD  analysis  suggest  that  ultrasonic  system  can  be  used  for  developing  window  layer  of  CdS  in  solar 
cell  construction. 
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